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Annotation. The article presents the results of establishing a Kazakhstan reference population of the
Holstein breed and assessing the breeding value of animals based on genomic analysis. A reliable database
was developed for first-lactation cows based on 305-day lactation records, including the collection and
genotyping of 2,980 biological samples using a panel of more than 50,000 SNP markers. Biological material
was obtained from animals in nine breeding farms involving 89 service sires, ensuring sample
representativeness and broad genetic coverage. Based on calculated genomic estimated breeding values
(GEBV), a comprehensive Genomic Holstein Global Index (GHGI) was developed, incorporating milk
production traits, conformation, health, longevity, and manageability. The distribution of GHGI and GEBV
for milk yield approximated normality with slight positive skewness, indicating targeted selection of animals
with high genetic potential. Carriers of hereditary anomalies HH1, HH3, HH4, HHS, and CVM were
identified at low frequencies, emphasizing the necessity of genetic monitoring in breeding programs. The
results confirm the effectiveness of integrated genomic selection for accelerating genetic progress, improving
productivity, and ensuring genetic safety of the Holstein population under Kazakhstan conditions.

Keywords: genomic selection, Holstein breed, breeding value, GEBV, SNP markers, reference
population, GHGI.

Introduction. The development of dairy cattle breeding requires the implementation of
scientifically grounded methods for evaluating and selecting breeding stock, which is particularly
important for high-producing breeds such as Holstein. This breed occupies a leading position in the
global dairy industry due to its high milk yield, milk quality, and adaptability to diverse climatic
conditions. Sustainable productivity improvement requires not only phenotypic selection but also
the integration of animals’ genetic potential into breeding programs. Effective selection of service
sires capable of transmitting desirable traits — milk yield, milk composition, health status, and
reproductive performance — requires predictive models for breeding value estimation. Traditionally,
breeding value estimation relied on phenotypic data and milk composition, incorporating
information on the individual, its ancestors, and progeny [1]. However, such approaches are time-
consuming, costly, and susceptible to environmental effects.

Genomic technologies provide new opportunities. SNP marker analysis and calculation of
genomic estimated breeding values (GEBV) enable early selection, reduction of the generation
interval, and acceleration of genetic progress [2]. A key component of genomic evaluation is the
establishment of a reference population comprising animals with highly reliable progeny-based
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evaluations and genomic information, as the accuracy of GEBV strongly depends on the quality of
this reference base [3].

Milk production performance in dairy cows is commonly evaluated on the basis of the
standardized 305-day lactation period (test-day milk yield, fat content, and protein content).
However, averaging environmental effects across the entire lactation cycle may lead to
underestimation of daily variability in influencing factors and, consequently, to distortion of genetic
and paratypic parameters as well as estimated breeding values [4]. Therefore, current trends
increasingly support the implementation of dynamic models that account for variability in
environmental factors at different stages of lactation.

Furthermore, investigation of the genetic architecture of productive and adaptive traits
demonstrates that most of these traits are polygenic in nature, meaning that numerous genes with
small effects contribute to trait expression. In this context, marker-assisted selection (MAS), based
on individual genes or quantitative trait loci (QTL), proves to be limited in scope [5]. Contemporary
genome-wide association studies (GWAS) identify numerous genomic regions associated with
economically important traits, which necessitates the application of statistical methods capable of
handling a large number of markers with a comparatively smaller number of individuals, including
BLUP, RR-BLUP, Bayes-R, PLSR, SVR, and others [6]. The selection of the most appropriate
method for calculating genomic estimated breeding values is a key determinant of prediction
accuracy and the overall efficiency of the breeding program [7].

In the context of Russia and Kazakhstan, the integration of modern breeding and
technological approaches is of particular importance. In Kazakhstan, despite the presence of local
breeds and imported genetic lines, herd productivity remains below the potential achievable by the
Holstein breed in favorable production environments, which necessitates intensified genetic
improvement and the implementation of genomic technologies [8]. At the same time, preservation
of genetic diversity, minimization of inbreeding, and adaptation of breeds to regional climatic
conditions represent critical priorities.

Scientifically substantiated breeding and technological programs provide the foundation for
the targeted improvement of breed composition, ensuring a comprehensive approach to animal
selection based on productive and adaptive traits. Within such programs, optimization of breeding
structure and application of genetic and statistical analytical methods enhance the efficiency of the
selection process. The implementation of these approaches contributes to the preservation of unique
biological characteristics of local breeds, their adaptation to modern production systems, increased
productivity, and strengthening of overall disease resistance.

The implementation of such programs is essential for maintaining biological diversity and
ensuring food security, as animal resilience to diseases, climatic stressors, and environmental
changes constitutes a key factor in the stable development and ecological sustainability of livestock
production.

Modern dairy cattle breeding is undergoing a phase of profound technological
modernization that requires the integration of classical phenotypic methods with advanced genomic,
analytical, and digital tools. The comprehensive application of these approaches ensures not only
more accurate estimation of breeding value and genetic potential, but also facilitates the
development of long-term breeding strategies aimed at improving productivity, reproductive
performance, and disease resistance [9].

The application of genomic technologies in combination with digital herd management
systems enables the creation of intelligent databases, real-time monitoring of production indicators,
and prediction of heritable traits based on large-scale datasets. This contributes to accelerated
genetic progress, reduction of inbreeding, and preservation of genetic diversity [10,11].

Thus, effective development of the industry is impossible without the implementation of
integrated selection methods that combine traditional and innovative approaches. Their rational
integration ensures the formation of highly productive, stress-resistant, and economically efficient
herds, which constitutes a key condition for the sustainable development of dairy cattle breeding
under conditions of global climate change and increasing product quality requirements [12-15].
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Objectives:

— To establish a reliable pedigree and performance database for first-lactation Holstein cows
based on 305-day lactation records, including the collection of biological samples and expansion of
the DNA gene bank to no fewer than 2,500 samples. Genotyping of no fewer than 2,500 biological
samples from first-lactation Holstein black-and-white cows will be performed using a panel of at
least 50,000 SNP markers.

— To collect data from Holstein service sires.

— To conduct a bioinformatic analysis of the relationship between genes and phenotypic
traits in no fewer than 2,500 first-lactation Holstein black-and-white cows.

Materials and Methods. Biological material, represented by tail hair samples with follicles,
was collected to establish a DNA database for no fewer than 2,500 Holstein cows included in the
Kazakhstan reference population. The collected samples were placed in specialized hair-collection
envelopes manufactured in accordance with Patent of the Republic of Kazakhstan for a utility
model No. 5749 dated 08.01.2021, entitled “Envelope for Hair Collection, Method of Its
Manufacture and Use.” Genotyping of more than 2,500 biological samples obtained from first-
lactation Holstein black-and-white cows, including no fewer than 50,000 SNP markers, was carried
out in an accredited laboratory operating in accordance with international standards and the
recommendations of ICAR (Hungarian Holstein-Friesian Breeders Association).

Biological material was collected from breeding animals participating in the selection and
breeding program and registered in the Republican Chamber of Dairy and Dual-Purpose Cattle
Breeds. Sampling was conducted exclusively from animals for which the following information was
available:

— individual identification number (KZ);

— inventory or farm number (and, where available, tattoo), and registration number in the
breed registry;

— information on date of birth, breed, and owner of the animal.

For DNA extraction, clean hair samples with intact follicles were used in a quantity of no
fewer than 50 hairs per animal. Sampling was performed by program executors in cooperation with
farm specialists in strict compliance with animal identification requirements and packaging
regulations using specialized envelopes. Data on cow productivity (milk yield, fat and protein
content in milk, somatic cell count), as well as information on Holstein service sires, were obtained
through data extraction from the Republican Livestock System database ‘“Information and
Analytical System.”

Within this framework and in accordance with the approved work plan, extensive work was
carried out to establish a reliable database of breeding animals of the Holstein black-and-white
breed. The database includes information on first-lactation cows for the 305-day lactation period,
their pedigree, productive performance indicators, and physiological status. Simultaneously,
biological samples were collected for subsequent genetic analysis, which substantially expanded the
existing DNA gene bank, with the total number of samples exceeding 2,500 units.

The collected information was systematized and analyzed to ensure completeness and
representativeness of the data required for genomic research. During the reporting year, work on
expanding the Holstein reference population database was continued: in addition to the biological
samples collected in 2024 (1,011 head), 2,980 new samples obtained from nine core farms were
included.

In addition, data on Holstein service sires were collected and structured, including
information on pedigree, qualitative and quantitative semen characteristics, and results of progeny
performance. The obtained data formed the basis for further bioinformatic analysis of associations
between genetic markers and phenotypic traits and ensured a high level of reliability and
representativeness of the studied sample across the entire population (Table 1).

Analysis of the data presented in Table 1 demonstrates that 2,980 biological samples
obtained from animals belonging to nine core farms were included in the study, involving 89
service sires. The largest number of samples was obtained from LLP “Bek+” (590 units), LLP
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“OHMK?” (508 units), and LLP “AF Rodina” (492 units), indicating a substantial herd size and a
systematic approach to breeding record management in these enterprises. A considerable number of
samples (445 units) was also provided by LLP “RULIKHA,” where a significant number of service
sires (22 head) are utilized, ensuring broad genetic diversity.

Table 1 — Collection of biological samples

No. Farm Number of Samples Service Sires
1 LLP “Sharkul Food” 123 8
2 LLP “ZKAP Amiran” 100 13
3 LLP “AIS” 284 10
4 Peasant Farm ““Aidarbayev Erik 100

Serikovich” 1

5 LLP “Bek+” 590 »”
6 LLP “AF Rodina” 492 26
7 LLP “OHMK” 508 10
8 LLP “RULIKHA” 445 22
9 LLP “AgroTradeRV” 338 16
TOTAL: 2980 39

Analysis of the data presented in Table 1 demonstrates that 2,980 biological samples
obtained from animals belonging to nine core farms were included in the study, involving 89
service sires. The largest number of samples was obtained from LLP “Bek+” (590 units), LLP
“OHMK” (508 units), and LLP “AF Rodina” (492 units), indicating a substantial herd size and a
systematic approach to breeding record management in these enterprises. A considerable number of
samples (445 units) was also provided by LLP “RULIKHA,” where a significant number of service
sires (22 head) are utilized, ensuring broad genetic diversity.

Farms with smaller sample sizes (LLP “Sharkul Food,” LLP “ZKAP Amiran,” and Peasant
Farm “Aidarbayev E.S.”) make an important contribution to the development of a representative
database by ensuring coverage of diverse regional management and feeding conditions.

Analysis of the origin of service sires revealed that semen from imported animals originating
from leading breeding centers in the United States, Canada, Germany, and Denmark was
predominantly used in reproduction programs. The average milk yield of daughters of sires from the
United States was 12,210 kg, from Canada — 11,947 kg, from Germany — 11,350 kg, and from
Denmark — 11,090 kg, indicating the high genetic merit of the germplasm utilized.

Thus, the structure of the collected biological samples and the broad genetic representation
of service sires provide a solid foundation for reliable genomic research aimed at estimating
breeding value and improving the productive traits of Holstein cattle under the conditions of
Kazakhstan.

The collection of biological samples was carried out in accordance with established
requirements using specialized hair-collection envelopes (Patent of the Republic of Kazakhstan No.
5749), ensuring preservation of the material and its suitability for subsequent genetic analysis.
Information on animal pedigree was obtained from official internal breeding information systems
and from the Information and Analytical System of the Republican Livestock System (IAS “RLS”)
(https://plem.kz ), which guarantees the reliability of pedigree data.

As a result of the work performed, the biological sample database was supplemented with
materials from 2,980 head of cattle. For each sample, in accordance with the requirements of the
foreign genetic laboratory, identification data were recorded, including the individual animal
identification number, date of birth, identification number of the sire, and identification number of
the maternal grandsire. This level of detail ensures accurate tracing of genealogical relationships
and proper genotyping in accordance with international standards of genomic research.
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The collected 2,980 biological samples, together with complete animal information, were
transferred to the foreign laboratory of the Hungarian Holstein Association for genetic analysis. The
transfer of material was accompanied by full documentation of identification data, ensuring the
accuracy of genotyping procedures and enabling subsequent analysis of associations between
genetic markers and phenotypic traits. The obtained results will be used for estimating the breeding
value of animals and for improving breeding programs in Kazakhstan.

Genetic evaluation of genomic estimated breeding values (GEBV) was performed for the
genotyped DNA biological samples, on the basis of which the Genomic Holstein Global Index
(GHGI, Figure 1) was calculated. The index includes a composite set of indicators: milk production
(45%, of which 15% corresponds to fat yield and 30% to protein yield), conformation (32%,
including 16% for the udder index and 16% for the feet and legs index), health (10%, based on
somatic cell count), productive longevity (10%), and manageability (3%, reflecting calving ease). In
addition, detailed evaluations of individual components are presented, including milk production,
conformation traits, udder health status, as well as identified genetic anomalies and deviations
typical for the Holstein breed.

The distribution of GHGI values within the studied animal population, presented in Figure 1,
approximates normality and is characterized by a moderate concentration of values around the
mean. This indicates the absence of pronounced asymmetry and suggests that the majority of
animals possess genetic potential close to the average GHGI level. At the same time, individual
animals demonstrate higher or lower values, reflecting genetic variability within the population and
allowing its consideration in breeding planning.

Analysis of the GHGI (Genomic Holstein Genetic Index) distribution makes it possible to
identify the most promising animals for targeted selection in breeding programs, serving as a key
instrument for enhancing the efficiency of genetic progress. Particular attention is recommended for
individuals with high scores in milk production, conformation, and functional traits, as these
animals are capable of ensuring accelerated improvement of productive and reproductive
characteristics of the entire herd.

Furthermore, control of udder health, reproductive performance, and manageability
constitutes an integral component of the breeding program, enabling minimization of risks
associated with mastitis, metabolic disorders, and management difficulties, as well as reduction of
economic losses at the farm level. Systematic monitoring of GHGI in combination with clinical
observation and accurate pedigree documentation makes it possible not only to select genetically
superior animals, but also to maintain herd health stability and adaptive capacity.

Thus, the application of GHGI in breeding practice ensures a comprehensive approach to
evaluating the genetic merit of animals, promotes conservation and rational utilization of genetic
diversity, and optimizes the genomic selection program for the Holstein breed. This enables the
formation of a highly productive, stress-resistant, and economically efficient herd, which represents
a strategically important objective for modern dairy cattle breeding.

The distribution of the Genomic Holstein Global Index (GHGI, Figure 1) demonstrates a
slight rightward shift, indicating a predominance of genotyped animals with index values above the
population mean. This pattern reflects the targeted selection of high-potential animals for
genotyping, including heifers and young bulls from which optimal milk production, conformation,
and health performance are expected. The focus on genetically superior individuals indicates the
strategic use of genomic information by herd managers for mating planning, herd replacement
decisions, and selection of young sires. This approach creates conditions for accelerated genetic
progress and improvement of productive and functional characteristics of the national Holstein
population.
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Figure 1 — Distribution of GHGI Scores

Analysis of the obtained genomic estimated breeding values (GEBV) indicates that GHGI
integrates a comprehensive set of traits: milk production (45%, including 15% fat yield and 30%
protein yield), conformation (32%, of which 16% corresponds to the udder index and 16% to the
feet and legs index), health (10%, based on somatic cell count), productive longevity (10%), and
manageability (3%, reflecting calving ease). Such a multifactorial evaluation allows simultaneous
consideration of productive, functional, and biological characteristics of animals, which is essential
for population-level breeding programs.

Genetic analysis of the reference population revealed the presence of carriers of several
genetic disorders and anomalies that may lead to economic losses and reduced reproductive
efficiency. Of the 18 investigated pathologies, 6 were not detected in the population, indicating
positive outcomes of previous selection measures and a reduction in the frequency of hereditary
defects. At the same time, the following genetic anomalies were identified:

— HHI1 (Holstein Haplotype 1) — a lethal or sublethal mutation causing embryonic mortality
in the homozygous state; detected in 0.46% of the population;

— HH3 (Holstein Haplotype 3) — a mutation in the SMC2 gene leading to arrest of early
embryonic development (30—60 days of gestation); identified in 1.68% of animals;

— HH4 (Holstein Haplotype 4) — a mutation in the TRAF6 gene affecting immune response
and resulting in late embryonic mortality in homozygotes; recorded in 0.76%;

— HHS5 (Holstein Haplotype 5) — a lethal recessive mutation causing embryonic death
between 35 and 90 days of gestation; observed in 1.37%;

— CVM (Complex Vertebral Malformation) — a congenital vertebral defect leading to
abortion or the birth of non-viable calves; detected in 0.15% of the population.

Analysis of carrier frequency underscores the necessity of a systematic approach to selection
and genetic safety control in herds. Regular screening of young stock for the detection of carriers of
deleterious alleles is particularly important, as it enables their exclusion from breeding programs,
reduces the risk of economic losses, and enhances population sustainability.

The data further demonstrate that the strategic selection of high-potential animals for
genotyping and breeding contributes to the concentration of favorable genetic factors within the
population. In the long term, this creates a foundation for sustainable improvement of milk
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productivity, enhancement of conformation and udder health, reduction of somatic cell counts, and
mitigation of reproductive risks.

Thus, the results of the GHGI analysis and the identification of genetic anomalies confirm
the effectiveness of integrated genomic selection and highlight the necessity of continued
monitoring and further development of the Holstein reference population with consideration of
hereditary diseases. Implementation of recommendations aimed at excluding carriers of undesirable
alleles ensures long-term genetic progress, increased productivity, and improved economic
efficiency in dairy cattle breeding.

The analysis of GEBV estimates for productive traits, particularly milk yield, demonstrated
an appropriate distribution of values within the population, as illustrated in Figure 2, indicating a
balanced genetic potential of the herd.
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Figure 2 — Distribution of GEBYV estimates for milk yield, kg

As shown in Figure 2, the distribution of estimated breeding values for milk yield in the
studied population approximates normality, with a uniform dispersion around the mean. A slight
shift of the distribution toward higher values indicates that breeders select animals for genotyping
from families with confirmed above-average productivity. This strategy is aimed at the early
identification of the most promising individuals possessing high genetic potential, thereby enabling
prediction and enhancement of herd productivity throughout the productive lifetime of cows.

Within the framework of developing the reference population, work is ongoing on the
development and implementation of a technology for predicting the breeding value of Holstein
service sires based on genomic analysis. This approach ensures the integration of data on milk
production, conformation, health, and reproductive traits, enabling scientifically substantiated
breeding decisions and contributing to accelerated genetic progress within the national population.

Conclusion. The database of Holstein breeding animals was expanded by 2,980 biological
samples obtained from nine core farms with the participation of 89 service sires. The largest number
of samples was received from LLP “Bek+” (590 units), LLP “OHMK” (508 units), and LLP “AF
Rodina” (492 units), ensuring broad genetic coverage and representativeness of the sample. All
biological samples were accompanied by detailed identification information and transferred to a
foreign laboratory for genetic analysis, thereby establishing a reliable foundation for breeding value
estimation and improvement of Holstein cattle productivity in Kazakhstan.

Calculation of the Genomic Holstein Global Index (GHGI) based on genomic estimated
breeding values for 2,980 samples incorporated milk production (45%), conformation (32%), health
(10%), productive longevity (10%), and manageability (3%). The distribution of GHGI
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approximated normality with a slight rightward shift, reflecting the concentration of high-potential
animals. Carriers of genetic anomalies HH1, HH3, HH4, HHS, and CVM (0.15-1.68%) were
identified, necessitating control within breeding programs. Evaluation of GEBV for milk yield
demonstrated a normal distribution with a slight shift toward higher values, confirming the
appropriateness of the selection strategy. The application of GHGI together with data on hereditary
defects enables the selection of animals with high productivity and superior conformation while
minimizing reproductive and genetic risks. The implementation of this integrated approach ensures
accelerated genetic progress and increased economic efficiency of dairy herds.

Financing. This research was funded by the Ministry of Agriculture of the Republic of
Kazakhstan (program No. BR22886157 «Management, conservation and rational use of genetic
resources of cattle of dairy breeds with by means of selection and technological and molecular
genetic methodsy») 2024-2026y.
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?«Man wapyawsinbiabt scone eemepunapus blibimu-ondipicmix opmanvizvly JKIIC, Acmana k., Kazaxcman

Angatna. Makanana Kaszakcran skarfaiiblHIa TOJINTHH TYKbIMBI  OOWBIHINA pPedepeHTTIK
MOMYJISIUSIHBl  KAJIBIIITACTHIPY JKOHE JKaHyapiaplblH achll TYKBIMIBIK KYHIBUIBIFBIH TEHOMJBIK Talay
Heri3inge Oaranay HoTIKenepi ychiHbUTFaH. 305 KyHAIK makramusaarsl OipiHimi Oy3aylaraH CHBIpIapIbIH
JepekTepl OolibiHIIA ceHiMAl MamiMerTep Oaszackl Kypbutbin, 50 MbiHHaH actam SNP-mapkepnep maneni
apkbuTel 2980 OWONOTHSUIBIK YIJIT1 IpIKTENiN, TeHOTHITeNAi. buomartepuan TOFBI3 achul  TYKBIMIIBI
HmIapyambUIbIKTaFbl 89  aTanmblk  OYKaHBIH —~ YpHIAKTapblHAaH  albIHBIN,  3€pTTEY  TaHAAybIHBIH
PENpe3eHTATUBTIINH KOHEe T'€HETHKAJbIK KaMTbUTy ayKbIMBIHBIH KEHIIriH Kamramachbi3 erTi. Ecenrtenren
TEeHOM/JIBIK achll TYKBIMIBIK KYHABUILIKTap (GEBV) HeriziHme cyT eHIMILIITi, SKCTephep, JACHCAYJBIK,
[apyambUIblKTa Taifanady Y3akTHIFBl JKOHE 0acKapbUly KOPCETKIIITEpiH OIpiKTIpeTiH TONIITHH
TYKBIMBIHBIH KemieH i reHoMbIK kahauneik naaekci (GHGI) ampikranael. GHGI MeH cyT eHimi OoiipIHIIA
GEBV kepceTkilTepiHiH Tapalybl KAIBIITHl YJIECTIpIMIe *KaKblH OOJBII, KOFapbl MOHEP KarblHA a3laraH
BIFBICY OaWKasbl, OYJI JKOFaphl TCHETHUKAJBIK 9jIeyeTi Oap jkaHyapyiapIbl MaKCaTThl IPIKTEY/I KOPCETEi.
HHI1, HH3, HH4, HHS5 xone CVM TyKbIM KyanalTblH aHOMaJIHAJIApPBIHBIH TAaChIMAJIAAYIIbUIAPEl TOMEH
KHUUTIKIIEH aHBIKTAIIBI, OYJ achULIaHABIPY JKYMBICTapbIHAa TEHETHKAIBIK MOHUTOPWHT IKYPTi3yIiH
MaHbBI3JBUIBIFBIH  JIONeNAeh . AJbIHFaH HOTwkenep Kaszakcrtan JkarjJaiiblHIA TOJIITHH — TYKBIMBI
MOMYJISIUUACHIHBIH T€HETUKANBIK KayilCi3OiriH KaMTaMachl3 €Ty, OHIMAUITIH apTThIPY KOHE I€HETUKAIIBIK
MPOTPECTi JKEACIJIETY YIIiH HHTETpalusUIaHFaH TeHOMIIBIK CEIEKLIMSIHBIH THIMIUTITIH pacTai bl

Tipek ce31ep: TOMMITHH TYKBIMBI, TCHOMIBIK CEJICKIIMS, achll TYKBIMABIK KYHIBUIHIK, GEBV,
GHGI, SNP-mapkepiep, peepeHTTiK MOy IsIusl.
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MPOTHO3UPOBAHME IIJIEMEHHOM IIEHHOCTH BbIKOB T'OJIITAHCKOM MOPOJIbI HA
OCHOBE 'EHOMHOMU OLIEHKHA

IMlommrigin 9.C."*, TOKTOp OHOJOTHYECKHUX HAYK, Ipodeccop
Xapaxkay A.', PhD
bucembaeB A.T.%, KaHIuaaT CENbCKOXO3AMCTBEHHBIX HAYK, Mpodeccop
AxmertoBa I'.M.', nokropant 2 Kypca o o0pazoBarenabpHoi mporpamme «8D08200 — Texuomnorus
IIPOM3BOJCTBA IPOIYKIHHU KUBOTHOBOJICTBA»
I'y6ameB H.M.', TOKTOp CeNbCKOXO3IHCTBEHHBIX HAYK, TOIIEHT
Bereesa M.K.!, kaH1uaaT 5KOHOMHUYECKUX HAYK

! 3anaono-Kasaxcmanckuii acpapro-mexuuyeckull yhugsepcumem umenu JKaneup xaua, 2. ¥Ypanck,
Kaszaxcman
2TOO «Hayuno-npou3800CmeeH bl YEHMP HCUBOMHOBOOCEA U gemepunapuuy, e. Acmana, Kazaxcman

AHHOTanus. B craTtee mpencTaBieHBl pe3ysibTaThl (POPMUPOBAHUS Ka3aXCTAaHCKOH pedepeHTHOH
TMOIIYJIAIMUHA 110 TOJIIITUHCKOM nopoae M OUCHKH MIeMeHHOMN IEHHOCTH KHWBOTHBIX HAa OCHOBE I'€CHOMHOI'O
aHanm3a. Ha ocHOBe maHHBIX 1O KOpoBaM-miepBoTENKaM 3a 305-mHEeBHYO JTakTanuio Obla chopMUpoBaHa
JIOCTOBepHasi 0a3a JaHHBIX, OTOOpaHO W TeHoTunHupoBaHO 2980 Owosoruueckux 00pa3moB C
UCToNb30BaHueM maHenu Oonee yeM u3 50 Teic. SNP-mapkepoB. bromarepuan ObuT monydeH OT TOTOMKOB
89 OBIKOB-TIPOM3BOAMTECH W3 JAEBITH IUIEMEHHBIX XO3SHCTB, YTO OOECIEUIIIO PEelpe3eHTATHBHOCTD
BBIOOPKH U IMIMPOKUH 0XBAaT FeHETUUECKOTO Pa3HOO0Pa3Hs MOITYJISLHH.

Ha ocHoBe paccunTaHHBIX T€HOMHBIX IuIeMeHHBIX LeHHocTed (GEBV) ompenenén koMIuiekcHbIN
TeHOMHBIA TII00anbHBINA WHAEKC romutuHckoi mopoasl (GHGI), oObenuHsIONM MOKa3aTea MOJIOYHON
MPOAYKTUBHOCTH, 3KCTEPbEPa, 3II0POBbS, MPOAODKUTENBHOCTH XO3SIMCTBEHHOTO HCIIONB30BAHUS U
ynpasisieMocTH craaa. Pacnipenenenue nokazateneit GHGI 1 GEBV mo Mosio4Ho# MpoayKTUBHOCTH OBLIO
6J'II/I3KI/IM K HOpMAJIbHOMY, C HC3HAUUTCJIbHBIM CMCUICHHUEM B CTOPOHY 6OHCC BBICOKUX 3Ha‘-ICHI/II71, qTOo
CBHUIETENBCTBYET O LIEJICHANIPABICHHOM 0TOOPE )KUBOTHBIX ¢ BEICOKMM I'€HETHYECKUM IOTEHLIUAIOM.
Hocurenu nacnencreennbix anomanuii HH1, HH3, HH4, HH5 u CVM BbIsSIBIICHBI ¢ HU3KOH Y4acTOTOM, YTO
MOATBEPIKAACT BAKHOCTL IMPOBCACHUA TCHETUYCCKOI'O MOHHUTOPHHIA B TJIeMeHHOMN pa60Te. HOJIy‘IeHHLIe
pe3yabTaThl MOATBEPKAAIOT 3(P(PEKTUBHOCTH MHTEIPUPOBAHHON T'€HOMHOW CEJNEKLMH AJIsi O0OeCTIeYeHUs!
TeHEeTHUYECKON 0e30M1aCHOCTH MOMYJISIUK TOJIUTHHCKON mopoas! B ycioBuiax KaszaxcraHa, MOBBIIICHUS €€
MPOJIYKTUBHOCTH M YCKOPEHHSI TeHETHUYECKOT0 Iporpecca.

KuaroueBbie cjioBa: TONIITUHCKAS MOpPOJa, TEHOMHAs CEJEKIWsA, IIeMeHHas IeHHOCTh, GEBV,
GHGI, SNP-mapxkepsl, pedepeHTHas TOMyIISLus.
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